Objective: To determine which factors predict death occurring in trauma patients who are alive on arrival at hospital Design Prospective cohort study Method Data were collected from 507 trauma patients with multiple injuries, with a Hospital Trauma Index-Injury Severity Score of 16 or more, who were initially delivered by the Emergency Medical Services to the Emergency Department of the University Medical Centre Utrecht (UMCU) during the period 1999-2000. Results: Univariate analysis showed that every year of age increase resulted in a 2% greater risk of death. If the patient had been intubated at the scene of the accident, this risk was increased 4.3-fold. Every point of increase in the Triage Revised Trauma Score (T-RTS) reduced the risk of death by 30%. A similar (but inverse) tendency was found for the HTI-ISS score, with every point of increase resulting in a 5% greater risk of death. There was a clear relationship between the base excess (BE) and hemoglobin (Hb) levels and the risk of death, the latter being increased by 8% for each mmol/l drop in BE, and reduced by 22% for each mmol/l increase in Hb. The risk of death occurring was 2.6 times higher in cases with isolated neurotrauma. These associations hardly changed in the multivariate analysis; only the relation with having been intubated at the scene disappeared. Conclusion: The risk of severely injured accident patients dying after arriving in hospital is mainly determined by the T-RTS, age, presence of isolated neurological damage, BE and Hb level. Skull/brain damage and hemorrhage appear to be the most important causes of death in the first 24 h after the accident. The time interval between the accident and arrival at the hospital does not appear to affect the risk of death.
Introduction
In the Netherlands, some 5,000 people a year die of unnatural causes; in 60% of the cases, death occurs in a non-hospital setting. Death is considered to be unnatural if caused by external factors, and natural if caused by old age or following an illness. Most non-natural deaths are the result of accidents in the home, followed by suicide and traffic accidents.
Almost half of all fatal accident victims die immediately at the scene of the accident, due to injury to the brain or heart or because large blood vessel rupture. About one-third of them die a few hours later, again as a result of brain damage or internal bleeding. Death occurring at a later stage, varying from a few days to weeks or even months after an accident, is usually caused by late complications resulting from the accident and often no longer bears directly on the original injury [1] .
In severely injured trauma patients, care in the acute phase focuses particularly on ensuring that the time spent at the scene of the accident is as short as possible, as well as on rapid and adequate oxygenation and improving organ perfusion to increase the chances of survival. On the basis of data from the Vietnam war, the generally accepted policy is that severely injured trauma patients must undergo definitive treatment in hospital within 1 h of the injury (the golden hour) to optimize the chances of survival [2] . Although some information is available about the period prior to hospital treatment, not enough is known about the predictors of death when patients actually arrive in hospital alive.
If tissue perfusion is insufficient, the body switches to anaerobic metabolism [3, 4] . In this form of metabolism, lactate is released into the circulation, leading to acidosis and a decrease in base excess. Base excess is defined as the amount of acid required to titrate 1 l of blood to normal pH (7.40) under normal conditions of p a O 2 , p a CO 2 and a temperature of 37.0°C. The range of normal values for base excess is ±2.5 mmol/l. Davis et al. [5] showed that a base excess below 6 mmol/l is closely associated with the severity of the injuries and the risk of death.
The uncertainty with regard to the predictors of death led us to address the following question in this study: what factors predict the risk that trauma patients who are alive on arrival at hospital will die?
Patients and Methods
The University Medical Centre Utrecht is one of the ten trauma centers in the Netherlands. Its trauma catchment area consists of an urbanized region in the center of the country, with a total population of 1.1 million (density: 813 inhabitants per square kilometer). If at all possible, severely injured patients in the Utrecht region are transported to this hospital.
During the period from January 1999 to December 2000, all severely injured patients with a Hospital Trauma Index-Injury Severity Score (HTI-ISS) [6] of at least 16 who were initially delivered by the ambulance service to the Emergency Department of the UMCU were included in a prospective cohort study.
The HTI-ISS is a combined anatomical and physiological scale, developed to determine the overall severity of a patient's injuries. The HTI reflects the severity of the injuries to six parts of the body in a score of 1 (minimal) to 5 (life-threatening). The ISS is calculated from the sum of the square of each of the three highest HTI units (ISS) [6] . For example, a patient with an impression fracture of the skull (3 points), loss of 500 ml blood (2 points) and a closed humerus fracture (2 points) has an HTI-ISS of 17 (3 2 + 2 2 + 2 2 ). The ambulance nurse and/or Mobile Medical Team (MMT) doctor kept records of all patient contacts, including data such as • the diagnosis established at the scene of the accident;
• treatment applied in the pre-hospital setting ( Table 1 ).
The T-RTS [7] , which makes use of physiological parameters like breathing rate, blood pressure and the level of consciousness measured with the Glasgow Coma Scale (GCS) [8] is used in ambulance care to classify trauma patients according to the severity of the injury (see Table 2 , T-RTS). The T-RTS varies between 0 (no sign of life) and 12 (normal vital functions). We used the T-RTS on the scene in the analysis. An arterial blood sample was taken on arrival at hospital to determine Hb, Ht, base excess, bicarbonate, p a O 2 , p a CO 2 and SaO 2 . We tested the value of Hb and base excess as potential predictors. When the patient was discharged, his/her data were documented in a letter to their family doctor (GP). Data used in the present study included the discharge diagnoses, the nature of the injuries and the cause of death if the patient died. Finally, any deaths resulting from the trauma were recorded during an 18-month follow-up period. The guidelines and protocols for ambulance and emergency services did not change during the study period.
Statistical Analysis
The Chi-square and t tests or the Mann-Whitney U test were used to assess differences between the various groups. Partial correlation was used to determine the influence of the severity of the injury and the passage of time on the level of base excess. Univariate and multivariate Cox regression analyses were used to identify the factors that influenced the risk of the pa- Results From January 1999 to December 2000, 507 severely injured patients (367 (72.4%) male and 140 female; 493 (97.2%) blunt trauma) met the inclusion criteria. The characteristics of the study group are summarized in Table 2 .
The average age of the men was 35.8 years (SD = 18.4) and that of the women 39.5 (SD = 22.4). In total, 100 patients (19.7%) died, 92 during admission and 8 during the 18-month follow-up period. The group of patients with a T-RTS of 0 or 1 (all having suffered blunt trauma, n = 10) had no survivors. The mechanism of injury was high-energy trauma in 84%, and the causes of all injuries were traffic accidents in 60% of cases and falls from staircases or heights in 30%.
The average time spent at the scene of the accident was about 30 min, for those who died as well as those who survived. Cox regression was used to assess a possible correlation between the risk of dying and the duration of the pre-hospital phase, especially in patients with injuries to the head, chest and abdomen and to the ribs, clavicle and shoulder, back, pelvis, hip and limbs. For none of these injuries did there appear to be a link between the duration of the pre-hospital phase and the risk of dying (p > 0.05).
Some 45.2% of patients with an initial (on-scene) T-RTS lower than 10 had a base excess of less than -6, whereas for those with an initial T-RTS of 10, 11 or 12, the base excess was -6 in only 19.2, 16.4 and 19.2% of the patients, respectively (p < 0.001). Among patients with an HTI-ISS less than 34, a base excess of less than -6 was found in 38.4%, compared to 61.6% of the patients whose HTI-ISS was higher than 34 (p < 0.001).
There was no relation between the level of base excess and the time interval between the accident and the arrival at the UMCU, corrected for T-RTS and HTI-ISS (p = 0.618). Table 2 shows the relationships between a number of patient characteristics and variables measured at baseline and the risk of death occurring within Values are means ± SD, unless otherwise stated If the patient had been intubated at the scene of the accident, the risk of dying was increased 4.5-fold.
For each point by which the T-RTS score increased, the risk of dying dropped by 30%. A similar but inverse tendency was seen for the HTI-ISS score. A 1-point increase in the HTI-ISS led to a 5% greater risk of death. The base excess (BE) and hemoglobin (Hb) levels were clearly related to the risk of dying: each mmol/l drop in BE increased the risk of death by 8%, while each mmol/l decrease in Hb increased this risk by 22%. The risk that the patient would die was 3.4 times higher in cases with isolated neurotrauma. These results hardly changed in the multivariate analysis: only the associations with having been intubated at the scene and Hb levels disappeared.
Slightly more than half of all deaths (51.9%) occurred in the first 24 h after the accident, and 80.2% in the first week. Twenty-two patients died in the emergency department, twelve of whom had been resuscitated on arrival at the UMCU or required immediate resuscitation. The causes of death of the patients who died in the emergency department were hemorrhage (eight patients), severe head injuries (ten patients), high level lesion of the spinal cord (one patient) and compression injury to the chest and abdomen (one patient). The causes of death of all patients who passed away within 24 h (n = 42) were severe head injuries (23 patients, 54.8%), hemorrhage (12 patients; 28.6%), heart rhythm disturbance (4 patients; 9.5%), respiratory insufficiency (2 patients; 4.8%) and high-level spinal injury (1 patient, 2.4%).
Patients who died as a result of severe head injuries had an average base excess of -5.36, versus -12.93 for patients who died as a consequence of hemorrhage (p = 0.008).
Discussion
The aim of this study was to identify predictors of the risk of death in severely injured patients.
The total mortality of the study population with an HTI-ISS of 16 or more was 19.7%. About half of all deaths occurred in the first 24 h after the accident. In these patients, skull/brain injury was the most important cause of death (more than half), followed by hemorrhage (about one-third of cases).
The age of patients played a crucial role. This relation has been abundantly reported in the literature and is associated with the greater risk of complications, decrease in physical reserves and more existing comorbidity in older patients [9] . Particularly elderly patients (defined as 55 years or over) had an increased risk of dying.
The risk of death was strongly dependent on the severity of injury, in terms of both T-RTS and HTI-ISS. It decreased by 30% with every point of increase in T-RTS score.
The time interval between the accident and the patient's arrival at the hospital did not differ between survivors and deceased persons, and had no influence on the risk of the patient dying. The time spent at the scene of the accident -about 30 min on average -was rather long, considering the fact that the target time mentioned in the Dutch National Ambulance Service Protocol is 10 min for unstable patients [10] . The greatly increased risk of dying for patients who had been intubated at the scene could largely be explained by the severity of the injury but was still slightly increased after correction for age, T-RTS score, BE, Hb and neurotrauma. Models to predict death have been proposed by several research teams. Guzzo et al. demonstrated that their model had a sensitivity of 45% and a specificity of 96%, using the variables GCS, base excess, need for transfusion, ISS and age [11] . Other research teams demonstrated that negative base excess clearly reflects injury severity and predict mortality [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Of the patients who were resuscitated prior to arrival at the hospital or who required resuscitation on arrival at the emergency department, none survived their injuries. None of the patients with a T-RTS of 0 or 1 (all with blunt trauma) survived. This could be a reason to desist from resuscitating such patients in accidents where there are more injured parties and where the capacity for treatment is limited.
Stockinger et al. [22] found no survivors of penetrating trauma and fewer than 1% for overall trauma with a T-RTS score of 0. Their findings support the guidelines for pre-hospital cessation of resuscitative efforts published by the National Association of Emergency Physicians (NAEP) and the American College of Surgeons Committee on Trauma. According to these guidelines, victims of penetrating trauma with a pre-hospital RTS of 0 (i.e., a combination of no respiratory rate, no systolic blood pressure and a Glasgow Coma Score of 3) should be regarded as ''dead at the scene'' [23] . By contrast, Pickens et al. [24] stated that these NAEP guidelines should not be adopted until more thorough studies had been conducted. In their retrospective cohort study, 7.6% of the patients who met the criteria for non-treatment nevertheless survived to discharge.
More research is required to determine for which categories of accident victims resuscitation is meaningful.
In our study, a longer time interval between the accident and arrival at the hospital did not lead to a greater risk of death for any of the injuries investigated. The time factor would appear to be subordinate in terms of pre-hospital treatment of severe trauma patients. This finding is in accordance with Lerner's study, which found that after correction for ISS, patient characteristics and treatment aspects, there was no relation between the time from the moment of the accident to the patient's arrival at hospital on the one hand and the risk of death on the other [25] . The conclusions of Lerner's study and our own should, however, be interpreted with some caution. They do not mean, for instance that the usual rule of ambulance care that only essential treatment should be carried out at the scene and that the patient should then be transported quickly to hospital should be discouraged. Resuscitation at the site of the accident and resuscitation in the emergency room differ vastly and are delivered by teams with different levels of expertise and training. This means that it is necessary to present the severely injured patient to a level 1 trauma center as soon as possible. Further prospective randomized studies will have to assess the best practice for ambulance care.
Our findings show a greater risk of death among trauma patients with poor organ perfusion. The base excess, which decrease when tissue perfusion is inadequate as a result of anaerobic metabolism, was significantly lower in the patients who died. The base excess in patients who died as a result of hemorrhage was significantly lower than in patients who died as a consequence of skull/brain injury. This observation is in accordance with the findings by Kaplan et al. [26] , who demonstrated that in cases of severe blood vessel damage, the level of base excess can definitely distinguish the survivors from the non-survivors. The higher the Hb level on arrival at the emergency department, the lower the risk of the patient dying.
Conclusion
The risk of death occurring after the arrival of severely injured accident patients in hospital is mainly determined by T-RTS, age, presence of isolated neurological damage, base excess and Hb. Severe head injuries and hemorrhage appear to be the most important causes of death in the first 24 h after the accident. The time elapsing between the accident and arrival at the hospital does not appear to influence the risk of death.
